Functional and Morphologic Pathology of Equine Aortic Insufficiency
During the examination of aged horses and mules in an abattoir population we noted the frequent occurrence of diastolic murmurs. These murmurs varied in intensity and quality, some noisy and others n~usical. Frequently there was a marked presystolic accentuation. Diastolic murmurs are regularly encountered during the routine physical examination of the horses3 1 5 % 19, 2 3 % 2 7 , :33, 35 . It has been emphasized that diastolic murmurs in the horse without other signs of heart disease can not be regarded as definite evidence of heart disease as in man and the dog5. I.imited information is available in the literature which describes the lesions resulting in aortic insufficiency in the horse. DET\\.ETLIX and PaTrctiso~5 have observed aortic insufficiency in the horse which they attributed to bacterial endocarditis and chronic valvular fibrosis. In addition, they observed apparent dilatation of the valve ring in one horse and a calciiied nodule on an aortic cusp in a second horse. Histopathologic descriptions were not included. The purpose of this study is to describe and correlate the functional and morphologic changes associated with aortic insuficiency in horses and mules. hiaterials and Methods 'I'hc 30 animals used in this study wcrc selected by cardiac auscultation of horses a n d mules in the holding pens of a local abattoir. 'The animals wcrc a minimum of 10 years of agc and n o prior mcdical history u.as available. Fiftccn animals without diastolic murmurs scrvcd as controls. 'I'wclvc horses and thrcc mules ~v c r c sclcctcd u.hich were dctcrmincd t o have grade I1 (of V1) o r loudcr murmurs extending through most o r all of diastole. 'rhcrc were 6 females, 3 malcs and 6 castrated males i n this group.
An electrocardiogram (usually lead aVF) and phonocardiogram were recorded simultaneously o n a Sanborn Twinbeam photographic oscillograph at a paper speed of 75 m m per second using a bell-type piclcup microphone at stethoscopic frequency placed over the area of maximum intensity o n the chest wall. In three unanesthetized animals the aortic pressure, pneurnogram, electrocardiogram and phonocardiogram were recorded simultaneously with a Sanborn Polybeam 550 Nl photographic oscillograph. Aortic pressure was recorded from 2 horses through a 0.046 inch ID polyethylene catheter and Sanborn capacitance type transducer model 257B. I n one horse aortic and left ventricular prcssurcs were recorded with a catheter tip miniature transducer* introduced through a surgically exposed carotid artery.
The hearts from these animals were placed in a refrigerated ice chest immediately after slaughter, dissected and fixed in cold 10% buffered formalin within three to six hours. 'The heart was opened by cutting the ventricles along their septa1 attachment, following the lines of blood flow. Particular care was talcen not to damage the valves. Sections of ventricular myocardium not over 5 mm thick were talcen from previously selected areas for fixation. After removal of the bulk of the ventricular myocardium, the atria and valve regions were fixed in cold 10 buffered formalin. Following fixation, the aortic valves and endocardia1 lesions were embedded in paraffin, sectioned at 6 / I and stained with hematoxylin and eosin, Gomori's aldehyde fuchsin-trichrome, orcein elastica-van Gieson, Alcian blue-periodic acid Schiff (PAS), and Movat's pentachrorne connective tissue stain. Other methods used selectively to aid in the identification of specific substances were von Kossa for phosphate, alizarin red S for calcium, phosphotungstic acid hematoxylin (P'TAH) for fibrin, Prussian blue for ferric iron, Giemsa for microorganisms and toluidine blue for acid mucopolysaccharides.
'Terminology used in the descriptions of the valves is that of the tentative list of angiologic nomenclature, International Committee on Veterinary Anatomical N o m e n c l a t~i r e~~.
Functional Pathology
Grade I1 to IV murmurs extending nearly or completely through diastole were heard best at the left third intercostal space. Analysis of the phonocardiograms indicated that there were two basic types of murmurs present which were classified as "noisy" and 'Lmusical" based on their dominant frequency (Figs. 1 & 2). In musical murmurs one frequency predominated, while in the noisy murmurs there was a wide spectrum of frequencies. Administration of 2 mg of phenylephrine intravenously resulted in a marked increase in the intensity of the murmur and a widening of the pulse pressure in those animals in * Inductance type transducer designed by D r . HEINZ P I E P E R , Department of Physiology, College of Medicine, Ohio State University.
Fi,c. I . Rccord illustrating a widened p d s e pressure and a "noisy" decrescendo diastolic murmur of aortic insufficicncy in horse No. H1893. 'Thcre is also an early systolic murmur prcscnt. Noticc thc predominantly irrcgular frequency of the diastolic murmur. ECG = clcctrocardiogram (lead aVF), Ao 1' = aortic pressurc, I'hono = stethoscopic phonocardiogram, Pncumo = pneumogram (rise = cxpiration), S 1 and S 2 = first and second hcart sounds, DM = diastolic murmur. Timc lines are 0.04 seconds apart.
'I'hc scale at the right is the calibration in millirncters of mercury. F&. 2. Simultancous stethoscopic phonocardiogram and electrocardiogram (Icad aVF) of horse No. H1736 illustrating the "musical" type of decrescendo diastolic murmur of aortic insufficiency. Notice the uniform freqtletlcy of the murmur. Ahhrcviations as in Figure 1 .
which aortic pressures were recorded. There was considerable variation in the intensity of murmurs between horses and often from beat to beat in the same horse. While most were decrescendo, accentuations in mid-diastole were frequent and a presystolic accentuation was often present. The results of the phonocardiography and catheterization will be reported in detail in a separate report32.
Lesions of the Aortic Valves
Gross morphologic evidence of aortic insuficiency (jet lesions or eversion of a cusp) was not present in the 15 control animals. Minimal alterations of the aortic valves seen in 12 of these animals were not related to demonstrable insufficiency. Definite gross lesions were seen in one or more cusps of the aortic valve from each of the 15 animals with diastolic murmurs. In addition, endocardia1 fibrosis (jet lesion) due to the impact of the regurgitant stream on the ventricular endocardium was found in 12 hearts. The presence of a jet lesion and/or valvular lesions resulting in obvious insufficiency of a valve cusp together with the presence of a prolonged grade TI or louder diastolic murmur during life was considered definite evidence of aortic insufficiency. These criteria were fulfilled in 13 of the 15 animals with diastolic murmurs. Two horses (H1524 & H1777) with a diastolic murmur had lesions on the aortic leaflets, but insufficiency was not satisfactorily demonstrated. No jet lesions were present in these two cases. I n one horse (H2141) no jet lesion was demonstrated, but there was a lesion of the left anterior cusp associated with insufficiency. Table I summarizes the murmurs and gross lesions found in each of the animals with a diastolic murmur.
Macroscopicall'y two forms of lesions, categorized as bands and nodules, were encountered on the valve cusps. In the group with diastolic murmurs, bands were present in 26 of the 45 leaflets and were always present in those 14 leaflets which were considered insufficient by gross examination. The left anterior cusp was involved in 8 of the 14 leaflets (13 hearts) judged to be definitely insufficient, the septa1 (non-coronary) cusp in 3 and the right anterior cusp in 3. One or more nodular lesions were found on 27 leaflets in 13 hearts. Fifteen of these 27 leaflets were without evidence of band lesions and 12 occurred in combination with bands. None of the leaflets with nodular lesions alone was considered to be definitely insufficient. Below S . ~ 2 L. A.
(Mule 27)
Thrill and below S.
H1763
Gradc 111
Grade IV-V Below commissure 1,. A. 
1-11659
Gradc I 1 Below S. and o n L. A.
HI683
Gradc I l l On L. A. and mitral L. A.
-- The band type of lesion was found on the peripheral half of the leaflet extending a variable distance across the surface along the line of closure ( Fig. 3 ). In those leaflets considered insufficient, the band extended from halfway to completely across the leaflet. The band appeared as a dense white area up to 8 mm wide and 3 mm thick which usually appeared to protrude more on the arterial side of the valve. The lesions were thickest in the center of the leaflet and tapered toward the edges. The arterial surface was smooth and glistening but a fine focal roughening of the ventricular surface of the bands was often found.
The fibrous nature of the band resulted in loss of elasticity of the valve and contracture along the line of the lesion. This was readily demonstrated by inserting a finger into the valve sinus from the aorta. The finger was retained in the sinus by a normal cusp but was easily pushed into the ventricle over an affected cusp. In vivo this band apparently prevented the formation of the normal cup-like pocket of the cusp during diastole, allowing that portion of the cusp peripheral to the band to partially evert.
Firm, non-mineralized, creamy-white nodules were found on the ventricularis and at the free edge of the valve (Fig. 5 ). Occasionally there was protrusion of a large nodule from the arterial and ventricular surfaces, but nodules on the arterialis alone or in the root of the aorta were not encountered. Nodules varied in size up to 1 cm in diameter, but the majority were from 3 to 6 mm in diameter. The nodules were usually round, but elongated and irregular forms were also seen. Usually the surface was smooth, but a few, particularly those located at the edge of the cusp, had roughened ulcerated surfaces. In one horse (1-11736, Fig. 5 ) there was a 3 mm diameter hole through an ulcerating nodule near the periphery of a leaflet. Orccin-van Gicson stain. x 10.
Fencstrations of one or more aortic leaflets were found in 9 of the 15 animals with diastolic murmurs and in 11 of the 15 controls. These consisted of single or multiple 1 to 3 mm diameter holes in the lateral one-third of a cusp within 5 mm of the free edge. These fenestrations were in the occlusal surface of the leaflets and appeared not to cause insufficiency.
Microscopically the band type of lesion involved all layers of the leaflet (Figs. 4 & 6). The mildest lesions were characterized by thickening of the spongiosa, and to a lesser degree, of the ventricularis and fibrosa. The thickening consisted primarily of basophilic ground substance which was alcian blue-positive and metachromatic with toluidine blue indicating that it was rich in acid mucopolysaccharides. This acid mucopolysaccharide ground substance contained an occasional fibrocyte. In medium-sized lesions, collagen fibers could be seen within the ground substance of the spongiosa and ventricularis. In the largest lesions, the spongiosa contained a few elastic fibers. Collagen fibers were prominent but never formed dense masses. The elastic and collagen fibers of the ventricularis were widely separated by deposits of alcian blue-positive ground substance and a few fibrocytes as in the spongiosa (Fig. 7) . In severe lesions the elastic fibers separating the spongiosa and the ventricularis were absent.
Proliferation of fibroblasts and mature fibrocytes on the surface of the ventricularis always appeared concurrently with thickening of each layer of the valves. Villous projections of connective tissue elements covered with endothelium were frequently seen on the ventricular surface of the marginal one-third of the bands (Fig. 7) . A few villi consisted primarily of endothelium and little stroma while the majority contained abundant alcian blue-positive ground substance and fibrocytes. Collagen fibers were frequently present, and in the center of a few villi fine elastic fibers were oriented longitudinally.
Villous projections on the band lesion illustrated in Figure 4 .
Endothclial covered villi on the surface of the ventricularis have a collagenous and fibrocytic core. In thc lower part of the photomicrograph thcrc is scparation of the elastic fibers by basophilic ground substance (acid mucop:~lysaccharidc). Collagen fibers arc scanty. Gomori's aldehyde fuchsin trichromc stain, x 125. Fibrin thrombus on the surface of a nodular lesion on the ventricular surface of an aortic valve. Note the loss of endothelium and reactive fibroblasts beneath the surface. Darkly stained fibrin deposits line the surfacc of the crypt. Gomori's aldehyde filchsin-trichromc, x 315.
Occasionallp the collagen and elastic core extended deeply into the connective tissue on the surface of the ventricularis. i l loose arrangement of hbrocytes in an abundant alcian blue-positive ground substance made up the bulk of the proliferation on the ventricularis. Collagen fibers, more abundant in the larger lesions, formed dense and often amorphous accumulations near the surface. In all valves with only band lesions, the endothelium was intact and inflammatory cells were absent.
The fibrosa was thickened by deposits of acid mucopolysaccharide ground substance which separated the collagen fibers. In the larger band lesions the fibrosa was up to three times thicker than normal but was always identifiable as a definite structure. In moderate and severe lesions fibrocytes were present in a rich ground substance on the arterialis surface. This proliferation was always covered with endothelium; villous projections such as those on the ventricularis were not encountered. These proliferations were seen either in several small areas on the arterialis or as one large confluent mass. Collagen fibers were present in the larger lesions ( Fig. 6 ) and a distinct layer of elastic fibers sometimes separated the proliferation from the fibrosa.
The nodular type of lesion was seen in its mildest form as an erosion with loss of endothelium on the ventricular surface or tip of the leaflet. An amorphous deeply acidophilic, PAS-positive material which stained as fibrin with Movat pentachrome, trichrome, van Gieson and PTAFI was present on the ulcerated surface ( Fig. 8) . Clefts in the surface were surrounded by coagulation necrosis and iibrin deposits in the immediate area. Adjacent to the ulcerated area fibroblasts were numerous and alcian blue-positive ground substance was abundant in the valve at the base of the lesion. Fibroblast and endothelial cell processes projected from the surface. Clumps of very deeply acidopliilic, laminated and friable material were found on the surface and deep in the clefts. This was interpreted as condensed fibrin. This material was occasionally invaded by organized connective tissue and located beneath an intact endothelium. No vessels or inflammatory cells were associated with this lesion. h careful search of these lesions did not reveal microorganisms ; bacteriologic cultures were not attempted. In the larger nodular lesions this ulcerative process was usually localized to a small area on the surface.
Collagen fibers were present in the nodular lesions with moderate fibrocytic proliferation and were located in the deeper portions with the more mature forms of fibrocytes. The elastic fibers of the ventricu-Fly. 9 . Valvulitis in the vcntricularis of a cusp affected by both band and nodular Icsiotis. I 1 & E, x 125. laris were separated by ground substance, fibrocytes and collagen. In the larger lesions the elastic fibers were fragmented or completely destroyed. The spongiosa was thickened with a similar reaction, but generally there was less collagen production here than in the ventricularis. I n moderate and severe nodular lesions the fibrosa was thickened by increased amounts of acid mucopolysaccharide ground substance, and in the largest lesions the fibrosa was no longer recognizable as a definite structure. In the larger lesions focal proliferations of fibrocytes in a rich ground substance were present on the arterialis. These proliferations were always covered with endothelium. The fibroblasts beneath the surface were disorganized; fibrocytes in the deeper region had a more regular arrangement. Elastic fibers separated the proliferation and the fibrosa, and small amounts of collagen were occasionally present. Focal areas of lymphocytes, plasma cells and a few histiocytes were found in eight valves from five hearts of the diastolic murmur group and in six valves from four hearts in the control group (Fig. 9 ).
These areas were in the ventricularis in areas not affected with the band or nodular type lesion.
Degeneration of the elastic fibers of the ventricularis was encountered in 22 leaflets from 11 of the 15 animals in the diastolic murmur group and in four leaflets from three hearts in the 15 controls ( Fig. 10) . These fibers were easily seen with H & E stain because of their strong basophilia. They were fragmented, granular and swollen, stained positive with von Kossa and alizarin red, and paler than normal elastic fibers with elastic stains. The degenerated elastic fibers were usually found in the midregion of the cusp. If there was a band lesion present, they were usually on either side of it, but occasionally were within the band. There was no correlation of degenerated elastic ijbers with the presence of band or nodular lesions; in 22 cusps in the diastolic murmur group with elastic fiber degeneration, 6 had bands, 8 had nodules, 6 had both and 2 had no gross lesion.
Focal areas of mineralization were encountered in the fibrosa of one or more leaflets of the aortic valve from 10 of tlie 15 diastolic murmur hearts and in one of the control hearts. There was no reaction associated with these areas, and they were interpreted as a degenerative change unassociated with the band or nodular lesions.
Endocardium
Mucroscopical~ the smallest recognizable lesion attributed to regurgitant flow consisted of a focal opacity and roughness of the endocardium beneath the aortic valve cusps or at their base. In more advanced lesions ridges of firm white tissue were present ( Figs. 3 & 5) . These irregular ridges measured up to 3 mm in thiclrness and usually were 1 to 2 cm in length. The largest lesions measured 6 cm in diameter. In 7 of the 12 hearts with jet lesions, there were one or two localized areas of endocardial proliferation, and in 5 hearts numerous proliferations occurred over a rather wide area. They often formed cup-like pockets with the opening directed toward the source of the regurgitation. These lesions were frequently multiple and were located in a position directly opposite the defective valve cusp. They were found on the base of an aortic leaflet in 4 instances, on the ventricular surface of the anterior leaflet of the mitral valve and its chordae tendinae in 4 instances and on the ventricular endocardium as low as 8 cm below the base of the aortic valve in 11 instances.
A4icroscopicall_), the small lesions consisted primarily of fibroblasts and fibrocytes with a deposition of alcian blue-positive ground substance beneath an intact endothelium. There was no reaction of the endocardium in these small lesions. I n larger lesions the endocardium was thickened by collagen fibers deposited between the pre-existing elastic fibers. There was proliferation of endocardial elastic fibers and in a few of the large lesions elastic fibers were present in the base. Primarily, the lesion consisted of dense collagenous connective tissue with the fibers arranged parallel to the endocardium (Fig. 11 ). Focal areas of acid mucopolysaccharide ground substance and irregularly arranged fibroblasts were demonstrated beneath an intact endothelium in many of the jet lesions. Small fibrin deposits were infrequently present on an ulcerated surface. Collagen fibers were scanty in these superficial lesions. The fibroblasts were more mature in the deeper regions where they merged with the collagen and fibrocytes which formed most of the lesion. Most of the lesions contained blood vessels within the thickened elastic layer of the endocardium. Blood vessels were infrequently encountered beyond the limits of the elastica and then only in the basal one-third to one-half of the lesion.
The proliferation of fibrocytes and collagen was entirely within the endocardium and on its luminal surface; collagen fibers did not extend into the myocardium. Purltinje fibers were often noted just beneath the jet lesion and appeared normal by the techniques employed. Occasionally there was a central myofibrillar lysis and fragmentation resulting in clear or fragment-filled central spaces in the myofibers just beneath the jet lesions. The degeneration only extended into the myocardium for 1 to 2 m m and usually occurred only in those cases in which it was also found in other areas of the myocardium.
Discussion
The thick fibrous bands seen at the occlusal surface of the aortic valve leaflets in old horses and mules resemble the thickening and loss of elastic tissue which occurs in syphilitic valvulitis of mad. This fibrous band resulted in focal horizontal shortening of the valve cusp with loss of elasticity allowing eversion of the peripheral portion of the cusp during diastole. A similar retroversion of an aortic leaflet resulting in aortic insufficiency has been described in syphilitic valvulitis of man4, 14, 31. In the horse the left anterior cusp is most commonly involved, while in man the right anterior is usually affectedl4. In man4, 13, as in the horse, the condition is manifested clinically by a loud musical or coarse diastolic murmur.
The villi seen on the ventricularis of many of the band lesions have many similarities to Lambl's excrescences20. They occur on the occlusal surface of the aortic valve, consist of a cellular connective tissue stroma covered with endothelium, and occasionally contain elastic fibers in the center as do Lambl's excrescences. They differ in that Lambl's excrescences in man often occur on nodular lesions and occasionally have deposits of fibrin which may be contributory to their formation. Such fibrin deposits were not found with the villous projections on the band lesions. Fibrous projections from the surface of the nodular type lesions occasionally were covered with endothelium resembling Lambl's excrescences.
The nodular type of lesions encountered in this study resembled nonbacterial thrombotic endocarditis (NBTE) which is a lesion encountered in severe debilitating conditions of man affecting the occlusal surfaces of the aortic and mitral valve& 2. NBTE has also been produced experimentally by subjecting rabbits and rats to stress 2 , 3 . The earliest lesion in the experimental animal is an opacity along the line of closure of the valve with vacuolization of the ground substance and increased eosinophilic staining and swelling of the collagen. The endothelium is lost, and blood proteins and platelets precipitate on the surface resulting in non-bacterial thrombotic endocarditis. ALL EN^ suggested that the lesion in man is formed entirely from swollen and degenerated valvular collagen with occasional deposits of serum, fibrin and platelets. It has been shown that there is a factor in connective tissue and collagen which will result in rapid platelet clumping in vitro39. Recently it has been demonstrated histochemically that platelets are the major component of NBTE and that fibrin constitutes only a small part of the lesion24. Fresh thrombi form on the surface as the deeper layers of the lesion become organized by reactive fibroblasts and increased acid mucopolysaccharide ground substance, resulting in accumulations of organized connective tissue. In the horse fibrin deposits were found in the ulcerated nodular lesions. Platelets were not identified by the methods employed, but they rapidly lose their morphologic structure when they become clumped39 making recognition difficult. Condensed collagen and fibrocytes seen beneath the reactive areas on the surface indicated that the lesion was progressive. The principles of organization of recurring thrombi to form arteriosclerotic lesions as proposed by DUGUID~ apply equally well to the nodular lesions encountered on the aortic valve of the horse.
Although the nodular and band type of lesions appear to be morphologically unrelated, their occurrence on the occlusal area of the valve cusp suggests a common etiologic development. The effect of the continued trauma to the line of closure of the cusp not only from the constant slapping of the valves against each other in closing, but also by the systolic blood stream rushing past the valve may be significantl. 2. The myxomatous and labile ground substance of the valve is very susceptible to generalized as well as local stress and is under hormonal controlz. 3 . NBTE as seen in man and experimentally in animals affects the occlusal surface of the aortic valvel. 2, 3. Elastic fiber degeneration and mineralization of the fibrosa, interpreted as degenerative lesions of the valve, occurred with both band and nodular lesions. Therefore, it appears plausible, particularly in the absence of obvious bacterial involvement, that both the band and nodular type of lesion on the aortic valves of old horses are caused by a combination of generalized stress and local trauma acting on tissue which is degenerated by the aging processes.
Bacterial endocarditis is the most frequently mentioned acquired condition resulting in aortic insufficiency in the horses. 36 and is a frequent cause of aortic insufficiency in manso. WINQVIST~~ reported finding valvular endocarditis in 3.6% of 1412 horses necropsied in Sweden. The aortic valve was involved in 54%. This group, however, included horses used for serum production. Other reports of endocarditis in serum horses22, 37 indicate a greater predilection for the aortic valve. In natural cases streptococcal organisms are usually isolated 16138 although Sbigella eqzhuh has been found17 and the virus of equine infectious anemia has been incriminated6. N o large fungating lesions typical of bacterial endocarditis were found in our series of horses and a careful search of the lesions microscopically failed to reveal the presence of microorganisms. The possibility that the nodular type lesions may represent healing stages of bacterial endocarditis cannot be eliminated. The valve (H1736) illustrated in Figure 5 with perforation of theleaflet is particularly suggestive of bacterial endocarditis.
The inevitable question to be answered when dealing with a lesion of the vascular system of the horse is: Could this lesion have been caused by migrating larvae of Strongylm vulgaris? The most common site of damage due to these larvae is in the anterior mesenteric artery 10, 18, 259 28, but verminous thrombi are occasionally found in the valve sinuses at the root of the aortag. 10, 18, 26, 28. However, none of these reports mentions lesions on the aortic valve itself. A mineralized nodule on an aortic leaflet thought to be due to the larvae of Strongylus vz&ris has been mentioned5. Although some aspects of the nodular lesions on the aortic valve histologically resemble early lesions due to Strongylus vulguris (endothelial roughening with platelet and fibrin deposits), the more advanced lesions of Strongylus vulgaris larvae18 9 28 were not found on the valves nor were lesions of any type found in the valve sinuses or arch of the aorta. Further, the occurrence of the nodular and band lesions on the occlusal surface rather than on the aortic surface of the valve would seem to argue against a verminous genesis.
Fenestrations at the edge of one or more semilunar valves have been found in 70 to 90% of human and equine heartsll, 12,21,30. In our series, 20 of 30 (66%) hearts had fenestrations of one or more aortic valve cusps. These fenestrations apparently do not cause significant insufficiency since they occur near the edge well within the overlapping portion of the occlusal surface.
Endocardia1 fibrosis, endocardial roughening, endocardial pockets or jet lesions, as they are more commonly designated, have been well described in mans, 14, 34 and mentioned as occurring in the horse23. Fibrin deposits, seen occasionally on the surface of jet lesions in man34 were rarely encountered in horses. Small local areas of fibroblasts and increased alcian blue-positive ground substance were frequently found at the surface, indicating that active proliferation of fibrous connective tissue is continuing. The formation of jet lesions is attributed to a high pressure stream of blood striking the endothelium of a low pressure chambers. Demonstration of jet lesions establishes the fact that abnormal flow of blood did occur during life and aids in the determination of the direction of such flow.
Sivmmav
Twelve horses and 3 mules with grade 11 or louder prolonged diastolic murmurs were selected for functional and histopathologic study. Aortic insufficiency was demonstrated in all mules and in all except two horses on the basis of murmurs, jet lesions and/or pathologic and incompetent valve cusps. In 15 control animals lesions resulting in aortic insufficiency were not found.
A thick fibrous band was present on all aortic valve cusps judged to be definitely insufficient. This band occurred at the line of valvular closure, parallel to the free edge, and allowed eversion of the peripheral portion of the cusp. Endothelial covered villi were present on the ventricular surface of those valves with band lesions. There was fibroblastic proliferation in a rich ground substance within the villi, on the surface of the ventricularis and throughout all layers of the valve. A nodular lesion microscopically similar to nonbacterial thrombotic endocarditis in man was also found on the ventricular surface. This lesion also involved all layers of the aortic leaflet with proliferation of fibrocytes and production of acid mucopolysaccharide ground substance and collagen fibers. The nodular lesions did not appear to contribute significantly to the insufficiency. Degeneration of elastic fibers and focal mineralization of the fibrosa were interpreted as senile degenerative changes.
Zivsammenfassmg
Zwolf Pferde und drei Maulesel wurden mit Grad I1 oder lauteren, anhaltenden diastolischen Gerauschen zu funktionellen und histopathologischen Untersuchungen herangezogen. Mit Ausnahme von 2 Pferden wurde bei allen Tieren Aorteninsuffizienz aufgrund von Gerauschen, (( Jetlasionen )) bzw. pathologischen und schluss-unfahigen Klappenzipfeln festgestellt. Bei 15 Kontrolltieren lagen keine zu Aorteninsuffizienz fiihrenden Veranderungen vor.
Alle definitiv als insuffizient beurteilten Aortenklappenzipfel zeigten einen dicken fibrosen Streifen am Klappenverschluss, parallel zum freien Rand, wodurch es zur Eversio des peripheren Klappenzipfels kam. Mit Endothel iiberzogene Zotten waren auf der ventrikularen Oberflache der Aortenklappen mit fibrosen Streifenlasionen vorhanden. Innerhalb der Zotten, auf der Oberflache der Kammern und in samtlichen Schichten der Aortenklappen fand sich Proliferation von Fibroplasten in reichlicher Grundsubstanz. Ausserdem wurde eine knotchenartige Veranderung, die mikroskopisch der nicht-bakteriellen thrombotischen Endokarditis des Menschen ahnlich sah, auf der Kammeroberflache nachgewiesen. Diese Veranderung zog ebenso alle Schichten des Aortenblattes durch Proliferation von Fibrozyten und Produktion von saurer Mukopolysaccharid-Grundsubstanz und von kollagenen Fasern in Mitleidenschaft. Die knotchenartige Veranderung schien nicht wesentlich zu der Aorteninsuffizienz beizutragen. Degeneration elastischer Fasern und fokale Ablagerung von Mineralsalzen im Bindegewebe wurde als senile Degenerationserscheinung angesehen.
